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This paper presents the design and analysis of a dual-band low noise amplifier (LNA) at 2.4 GHz and 5.75 
GHz for IEEE 802.11 a/b/g applications. This LNA proposed current-reused topology and presented new 
Hi-Pass and Lo-Pass matching technique network at the two stage common-source transistor. The LNA 
used GaAs HEMT transistor to improve the gain and noise figure (NF) matched concurrently at the two 
frequency bands. The simulation results showed a high gain |S21| of 36.093 dB and 23.152 dB and low NF 
of 0.735 dB and 0.530 dB for center frequency of 2.4 GHz and 5.75 GHz.  The supply voltage for LNA is 
2V. Simulation of the design was performed with the Advanced Design System (ADS) software.  
Keywords: Low Noise Amplifier, Concurrent Dual-Band, Input/Output Matching, Current-Reused, Hi-
Pass Matching, Lo-Pass Matching 
 
1. INTRODUCTION  
 
Recently, multi band RF receiver has been 
introduced to increase the functionality of such 
communication systems and receive the different 
bands at a time. Furthermore, many new wireless 
communication standards have defined such as 
monitoring system (Global Positioning System 
(GPS) and Global Navigation Satellite Systems 
(GNSS) and etc.), medical electronic device, 
industrial, home/office appliances (microwave, 
wireless doorbell, cordless phone, remote sensor 
and etc.) and communication (WiMAX, LTE, 
3G/4G and WLAN). Moreover, there will be more 
standards for various kinds of applications in the 
near future [1]. With the development of multi band 
RF receiver the usability of the receiver for a 
different standard of applications will be increased.  
Today, most of the previous researcher used 
cascade topology with more than 2 stage amplifier 
to design the dual band LNA. Furthermore, many 
of the output gain also have been reported less than 
15 dB such as [2] to [5]. With a small signal gain, 
the output from the front-end receiver signal also 
will be less or weak. So, it is important to design a 
high gain and low NF to ensure the stability of the 
circuit. Therefore, this new design proposes to 
improve these criteria using dual-band concurrent 
LNA. 
It is necessary to optimize the front-end receiver 
performance, especially for the first device at front-
end receiver which is LNA. Therefore, this paper 
introduces a new technique to improve the dual 
band LNA for IEEE 802.11 a/b/g applications. The 
front-end receiver should ensure that the signal is 
received at the receiver front-end with high gain, 
consumes low power and have an overall low NF.  
Figure 1 shows the concept behind the dual-
band LNA design. Two front-end receivers with 
different frequency were integrated into one 
receiver and become a single LNA with a single 
signal path. The LNA also has the same circuitry 
even it can reduce the size of the previous circuit. 
This approach is implemented with a new design of 
single stage dual band LNA.  
The design concept will be explained in detailed 
in the following sections. Then, the discussion of 
the design consideration of a LNA will follow. The 
detailed simulation and it performance are for gain, 
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Figure 1. Dual Band Receiver Design 
 
2. DUAL-BAND LNA DESIGN 
 
The demand to integrate the multi-band into a 
single transceiver is to save the die area and power 
consumption compared to a single stand-alone 
LNA. In fact the multi-band design also helps to 
minimize the packaging and testing costs [6]. The 
LNA may be used in a dual-band configuration 
where both wireless bands are amplified together in 
a single device such as in WLAN, LTE, WiMAX 
and 4G/5G that use multiple different frequency 
bands. For example WLAN, IEEE 802.11b and 
IEEE 802.11g all uses the same frequency band 
which is 2.4 GHz. While the IEEE 802.11a can 
used at the 5.75 GHz frequency band. By merging 
many standards, dual-band wireless will 
accommodate more available channels, speeding 
performance, faster bandwidth, less interference 
and better reliability. 
 
2.1 Matching Network Topology 
Impedance matching is needed to provide 
maximum power transfer between the source or RF 
energy and its load. This is especially important if 
deal with low signals power. For a good reception 
every bit of this signal needs to be used and it 
cannot afford any signal loss, so a perfect matching 
network is desired. Another reason for the required 
impedance matching network is to protect the RF 
circuit, if the RF circuit is not matched some power 
will reflected. 
There are three basic matching networks used in 
RF designs which are L, Pi (π) and T configuration. 
Each of them has the advantages and 
disadvantages. The most commonly matching 
network been used are L network because of its 
simplicity. But the disadvantages of L network, it 
cannot match on both load and source more or less 
50Ω because it depends on the reverse L matching 
network design. 
Thus, an appropriate technique has been 
proposed in this paper with combination of high 
pass T matching network (Hi-Pass) and low pass T 
matching network (Lo-Pass). The combination 
technique chosen is to provide a wider range of 
output gain. Hi-Pass circuit consists of three 
elements, namely, two capacitors and an inductor 
which configure as shown in Figure 2. The circuit 
produces high pass signals that begin at the low 
frequency approximately 2 GHz from the input 
source. The impedance XC1 allow RF signal into 
circuit and also prevent DC current flowing through 
it. At Hi-Pass circuit, the impedance XL is to match 
with the imaginary part (-jXC) that the opposite of 
jXL sign. A good match of inductor and capacitance 
which will cancel the imaginary part (equal to zero) 
of each other and then the matching will be 
completed. 
Another matching network at the output load is 
Lo-Pass circuit as shows in Figure 3. There are also 
three elements which consist of two inductors and a 
capacitor. This circuit works to provide the low 
pass signal and to ensure the output load is match 
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Both input and output impedance matching 
termination at first-stage amplifier produce a better 
dual-band LNA output including power gain, 
stability and noise figure. It is important because 
the system performance is often strongly affected 
by the quality of the termination.  
 
2.2 Current-Reused Technique 
The current reused technique may provide the 
best combination of high power gain, low noise 
figure and low power consumption, making it a 
suitable for use in LNA designs. In an amplifier 
employing current reused techniques, the input RF 
signal is amplified by two cascaded common source 
(CS) amplifier stages to provide high gain as shown 
in Figure 4(a). At the same time, this technique also 
supports low noise figures and capable to achieved 
high performance with low power consumption. In 
such a design approach, transistors M1and M2 is 
connected a cascade structure by means of coupling 
capacitor C1. The load inductor Lload and load 
resistor Rload are the loads for transistors M1 and M2. 
While currents ID1 and ID2 are the drain currents for 
transistors M1 and M2. Figure 4(b) shows the 
schematic diagram for the two stage current-reused 
CS amplifier, with C2 used as a bypass capacitor. 
By comparing the Figure 4(a) and Figure 4(b), it 
can be seen that currents ID1 and ID2 can be reused 
as current ID and there is just one current path 
























Figure 4. CS Amplifier. (A) Two Cascaded CS Amplifier. 
(B) Two Stages CS Amplifier With Current Reused 
Technique 
In the experimental current reused LNA, the 
amplifier technique has been transformed from a 
two stage CS structure without changing the 
essential amplifier type, resulting in high gain 
without adding power consumption. 
The basic LNA consists of three stages which 
are the input matching network, the amplifier and 
the output matching network [7]. Figure 5 shows a 
typical single stage LNA with input and output 
matching circuit. According to [7], the LNA design 
should meet the criteria required for stability, small 
signal gain and bandwidth. The initial development 
of the LNA design can be obtained by deriving the 











Figure 5 .Typical Single-Stages LNA 
 
The designer must ensure that the input and 
output matching network of the LNA design is to 
match the 50 Ω load terminal. The input and output 
matching circuit is necessary to reduce the 
unwanted reflection of signal and to improve the 
capability of transmission from source to load. The 
design target specifications for the LNA are shown 
in Table 1. 
 
Table 1: Targeted S-Parameters For Dual-Band LNA 
S-parameter LNA 
Input Reflection S11 dB < -10 
Return Loss S12 dB < -10 
Forward Transfer S21 dB >+ 17 
Output Reflection Loss S22 dB <-10 
Noise Figure dB < 3 
Stability (K)  > 1 
 
2.2.1  Power Gain 
The power gain must be considered as the 
important parameter to operate the LNA. Figure 6 
shows the 2 port power gains with a power network 
circuit impedance of the LNA. The gains are 
represented by scattering coefficients classified into 
Operating Power Gain (GP), Power Transducer 
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Figure 6. Input And Output Circuit Of 2-Port Network 
 
According to [7], the GP is the ratio of the 
power dissipated in the load ZL to the power 
delivered from the source of the two-port network. 
The GP can be expressed in equation (1). ΓIN is a 
reflection coefficient of load at the input port of 2-
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While, the GT is the ratio of the power delivered 
to the load to the power available from the source. 
The GT is given by an equation (2). ΓS is reflection 
















  (2) 
 
The GA is the ratio of the power available from 
the network to the power available from the source 
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2.2.2 Noise figure 
In an RF communication system the receiver 
will process very weak signals, but the noise added 
by the system components tends to obscure those 
very weak signals. Bit error ratio, sensitivity and 
NF are the parameters that characterize the ability 
to process low level signals. Of these parameters, 
NF is not only for characterizing the entire system, 
but also the system components such as amplifier, 
mixer and IF amplifier that make up the system. It 
provides the dominant effect on the overall system 
noise performance. Typically, noise figure of 2-port 
transistor has a minimum value at the specified 





NRFF −+=    (4) 
 
Usually the manufacturers provide Fmin, RN and 
Yopt data for low noise transistors. The desired noise 














=    (5) 
 
When the stability of the active device is 
determined, input and output matching circuits 
should be designed so that a reflection coefficient 
of each port can be correlated with the conjugate 



















*    (7) 
 
The source reflection coefficient should match 
with Γopt and the load reflection coefficient should 
match with Γ*OUT with a complex conjugate 
number to obtain a minimum noise figure using 2-
port transistor as shows in equation (8) and (9). 
 
























*   (9) 
 
2.2.3 Dual-band LNA circuits 
Figure 7 shows a schematic diagram with the 
key circuit elements for the dual band concurrent 
LNA. In this circuit, M1 serves the role of first-
stage amplifier and M2 are cascaded at the second 
stage amplifier. Since to keep the noise figure as 
low as possible, Hi-Pass matching circuit are 
designed at input stage of amplifier M1. While to 
boosted maximum power transferred and create a 
specific resonance, Lo-Pass matching circuit is 
designed at inter-stage of two amplifiers, M1 and 
M2. A combination of current reused technique and 
impedances matching techniques using Hi-Pass and 
Lo-Pass T matching networks result a better 
performance for dual-band concurrent LNA 
topology.  
There is one bias circuit for drain voltage at M1 
and M2 where the drain current ID is a reused 
current. Meanwhile, the resistor R1, capacitor C3 
and inductor LC1 form the gate bias circuitry for M1. 
The resistor R2, capacitor C7 and inductor LC3 form 
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Figure 7. New Dual Band Concurrent LNA Circuit With 
Current Reused And Hipass-Lopass Impedance Matching 
Topology 
 
The resistors R1 and R2 are set at the current for 
the bias circuitry, which generates the gate bias 
voltage at M1 and M2. The choke inductors  LC1, LC2 
and LC3 is to provide a low DC resistance for 
biasing, and provides high impedance at RF 
frequencies which isolates the signal from the bias 
supply [10]. The inductor L6 provide a high 
impedance where can block unwanted signal from 
M2. 
The capacitors C8 are bypass capacitors. The 
value of the capacitor should be large as possible to 
provide an ideal AC ground. The bypass capacitors 
AC noise will allow pure DC signals to pass 
through the circuits. It also prevents the unwanted 
communication between devices sharing the same 
power source. The value of the capacitors Cdc was 
fixed and used as DC blocking capacitor, where to 
block the DC signal from the input and output lines 
while allowing passage of RF signals.  While 
capacitor C4 is a coupling capacitor which is used 
to couple only the AC signals from M1 stage circuit 
to M2 stage circuit. In the LNA, inductor L2 are 
connected as an inductor degenerated topology at 
M1 transistor source, it can be seen that a better 




Figure 8(a) shows Hi-Pass matching circuit and 
Lo-Pass matching circuit structure to attenuate the 
interferences. The Hi-Pass network is placed before 
the first stage of amplifier and the Lo-Pass network 
placed after the stage and brings the matching 
impedance with wideband gain. The Hi-Pass 
network use microstrip layout, TL1 to replace the 
lump component (inductor) due to controlled and 
optimized the output by tuning the TL1 length. 
While the Lo-Pass network use all lump 
components for the design. Based on the biasing 
circuit results, the power gain |S21| and return loss 
|S11| versus frequency with differ value of TL1 






















Figure 8. Hi-Pass And Lo-Pass Network. (A) Biasing 
Circuit Of Hi-Pass And Lo-Pass Structure. (B)Output 
S11,S21 With Tuning TL1 Length Hi-Pass And Lo Pass 
Matching Network. 
 
When the TL1 lengths were adjusted, the |S21| 
also varies with different values from 1 GHz to 6 
GHz frequency. At the same time, the |S11| also 
keep changing with different values. The TL1 
length increase interval by 1mm with |S21| increase 
and |S11| decrease. While TL1 length decrease, the 
|S21| and |S11| output are changing via versa. It 
shows that by adjusting the TL1 length, the 
optimization in term of gain and insertion loss can 
be achieved. 
Figure 9 depicted the results of each S-
parameter data (S11, S12, S21, S11) versus the 
frequency. The return loss (S11) obtained -10.420 
dB and -11.281 dB at 2.4 GHz and 5.75 GHz 
frequency. Another results show that the power 
gain (S21) of LNA at 2.4 GHz and 5.75 GHz is 
36.093 dB and 23.152 dB, respectively. The reverse 
reflection (S22) and insertion loss (S12) depicted 
each has value -13.616 dB and -50.477 dB at 2.4 





































































TL1 = 1.617mm 
TL1 = 2.617mm 
TL1 = 3.617mm 
TL1 = 4.617mm 
TL1 = 5.617mm 
TL1 = 5.617mm 
TL1 = 4.617mm 
TL1 = 3.617mm 
TL1 = 2.617mm 
TL1 = 1.617mm 
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Figure 9. S-Parameter Data (S11,S12,S21,S22) Results At 
2.4 Ghz And 5.75 Ghz 
The NF, stability factor (K) and impedance 
matching after load matching depicted in Figure 10. 
The output of NF is 0.735 dB at 2.4 GHz and 0.530 
dB at 5.75 GHz. The stability factor obtained 2.079 
dB and 2.052 dB at both dual band frequencies 
which more than 1 dB as targeted in specification. . 
In order to maintain the LNA in unconditionally 
stable and to avoid the interference from the input 
signal, the value of stability factor should keep for 
K > 1. The source impedance matching, ZS is 
42.196 + j27.960Ω at 2.4 GHz and 77.081 + 
j22.512Ω at 5.75 GHz. Meanwhile the output 
impedance matching ZL is 33.542 + j5.846Ω at 2.4 
GHz and 40.945 - j2.470Ω at 5.75 GHz. Figure 11 
shows the layout size (30.5 mm x 77.7 mm) for 
the proposed dual band LNA. 
 
Figure 10. NF, Stability And Impedance Matching 








Figure 11. Layout Of Dual-Band LNA 
The following Table 2 summarizes the 
comparison and performance of previous work of 
dual-band LNA with this present work. It proves 
that this work demonstrates and achieved the 
highest gain with lowest NF reduction compared 
with the previously published dual band LNA.  
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Table 2: Performance Comparison Of Previously 
Reported Dual Band LNA 
Specification [12] [13] 
Freq. (GHz) 2.4 5.2 2.4 5.2 
S21 (dB) 23.76 21.41 26.20 21.80 
S11 (dB) -22.0 -82.0 -23.6 -26.3 
S22 (dB) -9.05 -18.25 -23.8 -30.4 
NF (dB) 1.9 1.0 2.07 1.84 
 
Specification [14] This work 
Freq. (GHz) 2.1 5.2 2.4 5.75 
S21 (dB) 20.0 14.0 36.09 23.15 
S11 (dB) NA NA -10.42 -11.28 
S22 (dB) NA NA -13.61 -19.72 
NF (dB) 2.0 3.1 0.735 0.530 




A new concurrent dual band LNA capable of 
simultaneous operation at two different frequency 
bands is introduced. It uses current-reused 
technique to develop the architecture of the LNA. 
This design also introduces new matching 
network which are Hi-Pass and Lo-Pass network 
and it contribute a high gain and low NF in 
designed the LNA. The effectiveness of the 
proposed design achieved a superior NF, stability 
factor and |S21| over previously published 
concurrent LNA. The LNA has two pass bands 
and can be used for WLAN IEEE 802.11a/b/g 
application. It also can be used for larger office 
areas, indoor and outdoor, or full sized house that 
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